become a serious pest on cotton in most cotton production regions in the world, and on vegetable crops in greenhouses, plastic tunnels and open fields (Leclant & Deguine 1994) .
Like other aphid species, A. gossypii has the potential to build up high populations on a variety of crops (van Steenis & El-Khawass 1995) under favorable environmental conditions; on okra it usually causes a reduction in plant height, fresh weight and yield (Wanja et al. 2001) . Heavily infested plants commonly show distorted and stunted leaves, reduced fruit set, and sometimes individual plants may be killed by direct feeding (Slosser et al. 1989) . If the aphid is abundant early in the growing season, seedlings may be diminished in vigor, or even prematurely die (Bohmfalk et al. 1987) , while plants at the fruiting stage are more able to withstand aphid infestation (Harris et al. 1992) .
Treatment of crops by conventional foliar pesticides is the most widely practiced approach for aphid management to ensure satisfactory yield and quality of produce. Such intensive chemical control may in some conditions be effective, but the total reliance on pesticides is not a wise strategy. Aphid management by chemical control is often unproductive due to short-time harmful influence on aphid population and decimation of non-target insects and their benefits (Long 1994) . Reliance on pesticides is also hazardous to human and animals, and adds to environmental pollution. Recently, A. gossypii has shown different degrees of resistance to frequently used insecticides (Chang et al. 1997; Herron et al. 2000) , which could lead to increase in dosage and application frequency of a pesticide, with a rise of production costs to a level where okra cannot be grown profitably. Nowadays, the significant economical, environmental, and health costs associated with insecticide-based control programs enhance the utilisation of alternative methods for aphid management. Some researchers have recognised the potential value of plant resistance to manage A. gossypii and succeeded to select partial resistance in some vegetable and cotton varieties (van Edman 1978; McKinlay 1992; Weathersbee et al. 1994) . However, the extent and biological components of plant resistance to melon aphid have not yet been fully exploited in wild relatives and cultivars of most vegetable crops, in particular okra.
Introducing tolerant or resistant crop varieties into an agro-ecosystem is meaningful because they are compatible with other control methods with minimal or no adverse side effects on the environment. Even with the importance of A. gossypii as agricultural pest, information on direct or indirect monetary losses from aphid damage or management costs are not available. Nor were the relationships between aphids and yield components of okra sufficiently studied. Yet knowledge of the ways by which aphids influence the yield-forming processes of a crop is desirable to appraise the impact of a pest and to create methods to minimise its impact on yield.
Therefore, the present study was to determine the effect of melon aphid infestation on fresh and dry weight of shoots, leaf area, pod numbers, and total yield of different okra varieties under semiarid field conditions.
MAteRiAls AnD MethODs
Stock of A. gossypii was collected from infested okra fields in the Irbid district, Jordan. The aphids were reared on potted okra plants of a local variety, in mesh screen cages in an insectary room at a temperature of 24 ± 3°C, 40-70% relative humidity, and 16L:8D h photoperiod regime.
Seeds of the five okra varieties Clemson spineless 80, Clemson spineless, Perkins dwarf, Lee, and Local were planted at the campus of Jordan University of Science and Technology, Irbid, on 15 th April, 2002 . The varieties with two infestation levels were arranged in a randomised complete block design with four replicates. Each block was divided into 10 experimental units (each 1 × 1 m) with 1 m between them as a border and a distance of 2 m between blocks. Seeds of each variety were planted in three rows per unit with inter-row spacing of 30 cm and 30 cm spacing between plants so that each unit contained six plants. Treatment combinations of five varieties and two infestation levels were randomly assigned to units within each block. The plants were fertilised and watered by drip irrigation system as usually practiced.
At the beginning of the flowering stage, on 20 th June, 2002, each experimental plant was infested with three late-nymphal instars of A. gossypii acquired from synchronised colonies. Control plants remained aphid-free. Subsequent to aphid release, an organdy screen cage measuring (L × W × H) 1 × 1 × 1.5 m was erected over each experimental unit, including the aphid-free control ones, to prevent escape of released aphids and any invasion by aphids from the field. Aphid populations were then counted on three randomly selected plants from each treatment at one-week intervals. Fresh weight and number of pods produced by individual plants were determined regularly every three days. At 37 and 66 days after initial infestation, three plants from each experimental unit were sampled at random, cut direct above the ground, and weighed in the laboratory. Leaf area meter type L1-3000 (Li-Cor. Inc., Lincoln) was used to compute the leaf area after excising them.
Data on the aphid populations were transformed to logarithmic numbers to correct the standard deviations that were linearly related to the means and multiplication of the main effects. Statistical analyses were performed using MSTATC program under Windows 95 used for split-plot arrangement with randomised complete block design analysis. Significantly different means were separated by using Fisher's LSD tests at the 5% level of probability. Comparisons within each date between aphid-infested and aphid-free plants were performed by using the t-test.
Results

Development of aphid populations on different okra varieties
The populations of melon aphid developed similarly on all tested varieties (Figure 1 ). Within the first 4 weeks, the number of aphids increased on var. Local, Clemson spineless 80 and Clemson spineless at a slower rate than those on var. Lee and Perkins dwarf. Aphid densities reached a first peak at 35 days after artificial infestation, with a rapid increase in aphid numbers on var. Local at the third sampling date. Afterwards, the aphid populations on all varieties dropped steadily until day 49, except on var. Clemson spineless 80. A further fast increase in aphid populations was recorded on days 56 and 63, except on var. Lee. Apart and in spite of the amazing variations in aphid quantity, no significant differences were recorded between the okra varieties at days 28, 42, 49 and 56. Up to day 21 the greatest aphid population had built up on var. Lee, but was lowest on Means joined with the same letter within each date are not significantly different at P ≤ 0.05 effect of A. gossypii on shoot fresh and dry weights Table 1 shows that the mean fresh weight of shoots of aphid-free varieties (control) ranged between 408.4-661.8 g at day 37 after infestation, depending on variety, but they did not differ significantly among each other. With progressive plant growth, all aphid-free varieties seem to decline in fresh weight. At day 66, var. Perkins dwarf had generated significantly greater fresh weight than other varieties, except for var. Clemson spineless, whereas var. Local had on average the lowest.
Aphid feeding had reduced shoot fresh weight by 11-17% up to day 37, but no significant differences were detected between the infested varieties (Table 1) . On day 66, fresh weight had been reduced by 19%, 27% and 37% on var. Clemson spineless, Lee and Perkins dwarf, respectively. Unexpectedly, aphid-infestation had increased average fresh weight by 24% and 26% of var. Clemson spineless 80 and Local, respectively. However, infested varieties and their relevant controls did not show significant differences in all treatments, except for var. Perkins dwarf ( Table 1) .
The average shoot dry weight of aphid-free varieties seemed to follow the same trend as shoot fresh weight (Table 2) . Varieties Lee and Local had a lower dry weight than var. Clemson spineless and Perkins dwarf on day 66. Aphid infestation had reduced shoot dry weight by 10-23%, depending Means within column followed by the same letter(s) are not significantly different at P ≤ 0.05 Numbers joined with (*) are not significantly different from the respective control at P ≤ 0.05 on variety, at 37 days after artificial infestation, but without significant differences between treatments. After 66 days, a significant decrease in dry weight was only recorded between var. Perkins dwarf and its respective control ( Table 2) .
influence of A. gossypii on leaf area
Analysis of data from the first sampling date at 37 days indicated that the leaf areas of aphid-infested and aphid-free plants of the varieties were almost equal, even though aphid-free var. Lee showed less leaf area (Table 3) . It is obvious that infested var. Perkins dwarf, Local and Clemson spineless 80 varieties had a smaller leaf area than their particular controls, but they did not vary significantly among each other.
On day 66, aphid-free var. Lee and Local showed an obvious decrease in the sum of leaf area in comparison with var. Clemson spineless and Perkins dwarf. During this infestation period, aphid attack reduced significantly the leaf area of var. Clemson spineless and Perkins dwarf when compared to the controls (Table 3) .
effect of melon aphid on okra productivity
Aphid-free varieties differed considerably between each other in total pod weight ( Table 4 ). The var. Clemson spineless and Clemson spineless 80 yielded significantly the highest amount of fresh pods, followed by var. Lee, Perkins dwarf and Local, in decreasing order. However, aphid infestation seriously impaired the productive potential of all Means within column followed by the same letter(s) are not significantly different at P ≤ 0.05 Numbers joined with (*) are not significantly different from the respective control at P ≤ 0.05 okra varieties, with the exception of var. Local. The reduction in productivity ranged between 5-56%, depending on variety (Table 4) . Furthermore, there were clear differences in the number of pods produced per plant between the aphid-free varieties of the controls (Table 4) . Variety Clemson spineless had the significantly highest pod number, apart from var. Clemson spineless 80, while var. Local followed by var. Perkins dwarf had the lowest. When okra plants were infested by aphids, the mean number of pods produced on a one plant basis decreased noticeably, except for var. Local. In general, the number of pods decreased between 5% and 49%, depending on variety, with an enormous diminution on var. Lee and Perkins dwarf (Table 4) .
DiscussiOn
The field experiment revealed that okra varieties differed from each other in vegetative growth and yield. Aphid-free plants of var. Clemson spineless and Clemson spineless 80 yielded the greatest total pod weight and pod number, while var. Local the lowest. The tested varieties emphasised differences in their vegetative growth just at later stages of plant development. In general, var. Perkins dwarf and Clemson spineless had the highest fresh and dry weights as well as leaf areas. This matches well with the findings of Lertrusdachakul et al. (1993) , Suzuki et al. (2000) and Wanja et al. (2001) who had worked with an assortment of other okra cultivars. In contrast, an evaluation of several okra varieties by Shakeel et al. (1996) did not find noticeable differences in their productivity. These contrasting outcomes could be attributed to the diversity of the tested varieties, which could differ in genetic complements (Hopkins 1995) , in addition to the environmental conditions prevailing throughout the experiment (Suzuki et al. 2000) .
It has been reported for other crops that plants with high biomass and leaf area are able to produce the greatest yield (Silim & Saxena 1992) , and that highly productive plants form the highest numbers of pods or seed (Pilbeam et al. 1992) . This agrees to some extent with our findings. High yielding var. Clemson spineless had high pod numbers, plant weight and leaf area per plant. In contrast, var. Perkins dwarf produced plants with high weight and large leaf area, but it was low in productivity. Therefore, variations of yield between varieties could not generally be credited to the amount of dry matter produced by the plants, but they may be caused by differences in the creative potential of the plants, which probably depends on its genetic constituents (Hopkins 1995) .
Aphid infestation impaired considerably the weight, leaf area and yield of okra plants with increasing infestation time. The damage levels were variable and depended on the variety. Variety Local was less vulnerable to aphid feeding, presumably due to its high compensatory growth (Dyer et al. 1993; Lowenberg 1994) . Varieties Perkins dwarf and Lee suffered most from aphid damage, probably because aphids developed massive populations early on the still young plants where the ratio between assimilate removed by aphids to that produced by the plant is perhaps more advantageous for aphid growth (Prütter & Zebits 1991) . Other tested okra varieties did not allow such exponential increase in aphid numbers at an early stage of plant growth and, therefore, they were able to endure the aphid infestation and compensate for its harm (Birch 1985) . Results obtained by Roy (1990) and Jaydeb et al. (1999) also showed that several okra varieties other than tested in this study varied significantly among each other in their susceptibility towards A. gossypii.
Despite the surprising decline in the productivity of most okra varieties studied, we presume that okra plants can respond more drastically to aphid infestation, had the mean temperature not been as high as that prevailed during this experiment, when the average daily maximum exceeded 32°C over a long period. A basic life table constructed for A. gossypii on cucumber and cotton showed that the optimal temperature for population growth was 25°C, while temperatures above 30°C prolonged development, increased mortality of immature stages, shortened adult longevity and reduced fecundity (Kersting et al. 1999; Satar et al. 2005; Zamani et al. 2006) . In a study conducted by Satar et al. (2005) , the average reproductive rate of A. gossypii was 82.1 nymphs/female at 25°C but only 2.3 nymphs/female at 32.5°C; in addition, the highest per capita growth rate (r m = 0.526) occurred at 25°C and the lowest at 32.5°C (r m = 0.132). However, a constant temperature of 35°C was found to be lethal to the immature stages of A. gossypii (Kersting et al. 1999; Zamani et al. 2006) . The high temperatures that prevailed during our study may thus have hurt aphid populations and delayed the development of high aphid populations at an early stage of plant growth (Kersting et al. 1999; Xia et al. 1999) . Such high temperatures could also have been responsible for the drop in aphid densities noticed on all tested okra varieties on days 35 and 49 after artificial infestation. Similar to our results, Jaydeb et al. (1999) observed that the number of melon aphids hit a maximum at about the end of the okra growing season in India and, consequently, yield loss was low for some varieties. It is evident that high temperature reduces the plant's suitability for insect pests (Heinrichs 1988) , presumably due to an increasing hormonal level in the plant, and thus enhancing defense mechanisms against insects (Kogan & Paxton 1983 ).
The aphid populations followed a similar trend on all okra varieties, but the magnitude of aphid abundances was different. This disagrees with the finding of Shakeel et al. (1996) who did not find significant differences in the number of A. gossypii on several okra varieties. Aphids were abundant on var. Lee at the beginning of growing season, but they later dropped to the lowest level in comparison with those on other varieties. This decrease could be attributed to the inherent small size (weight and leaf area) of this variety, which forces crowded aphid individuals to compete with each other for the limited food source or to feed on less nutritive plant parts, both ultimately resulting in a reduced reproductive rate (Kennedy & Stryan 1959; Wood et al. 1985) .
In summary, this trial demonstrated significant differences in the yield components of okra varieties that were not infested by aphids. The varieties Perkins dwarf and Lee were most susceptible to aphid feeding with respect to vegetative growth and yield components. Variety Local was more tolerant among the varieties tested under such ecological conditions. Since the susceptibility of a host plant is probably influenced by age of host plant and climatic conditions, it may be worthwhile to look for aphid-induced growth changes in okra plants under field conditions by infestation of plants at different growth stages and under different environmental conditions.
